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CORRUGATED TUBE, APPARATUS FOR
PERFORATING CORRUGATED TUBE AND
METHOD OF PERFORATING CORRUGATED
TUBLE

TECHNICAL FIELD

This invention relates to a corrugated tube with a slit, and a
perforating apparatus and a perforating method therefor, and
relates to a corrugated tube which can be fitted on a wire
harness mstalled, for example, 1n an automobile and also to a
corrugated tube perforating apparatus and a corrugated tube
perforating method for forming communication holes in the
corrugated tube.

BACKGROUND ART

There 1s known a corrugated tube with a shit, which 1s fitted
on a wire harness to protect the same, and 1s 1nstalled (see, for
example, Patent Literature 1).

As shown in FIGS. 13A and 13B, the corrugated tube 100
1s made of a synthetic resin, and has a bellows-like cylindrical
shape, and has annular root portions (smaller-diameter por-
tions) 101 and annular nidge portions (larger-diameter por-
tions) 102 arranged alternately at the same pitch in an axial
direction, and the slit 103 1s formed 1n the axial direction over
an entire length thereotf to provide a cut-shape.

Therefore, when such a corrugated tube 100 1s to be fitted
on a wire harness installed 1n an automobile, the corrugated
tube 1s fitted on the wire harness laterally of the axial direc-
tion, using the slit 103 as an opening. Then, 1n some cases, an
adhesive tape 1s roughly wound on an outer surface of the
corrugated tube 100 to prevent the slit 103 from being opened.
When the corrugated tube 100, receiving the wire harness
therein, 1s to be 1nstalled, 1t 1s common to install the corru-
gated tube 1n such a manner that the slit 103 1s disposed in the
vicinity of a lowermost point so that water, intruding into the
inside of the corrugated tube 100, and condensation water can
be discharged through the slit 103.

Also, there 1s known an apparatus for forming a slit in a
tube (see, for example, Patent Literature 2). FIG. 14 1s a
schematic perspective view showing a tube-slit forming
apparatus disclosed 1n Patent Literature 2.

As shown 1n FIG. 14, 1n the tube-slit forming apparatus
110, the tube 111 1s guided 1n an expanded manner by a
rod-like member 112 passing through the tube 111, and 1s
pushed out toward a cutter 114 by rotation of rollers 113, and
a slit (not shown) 1s formed 1n the tube 111 by the cutter 114.
Thus, the straight slit can be easily formed in the tube 111.
Patent Literature 1: JP-A-2003-309918 Publication (FIG. 3)

Patent Literature 2: JP-A-2001-260072 Publication (Pages 2
to 3, FIG. 1)

DISCLOSURE OF THE INVENTION

Problems that the Invention 1s to Solve

By the way, a wire harness 1s installed 1n various directions,
for example, 1n a vehicle body, and therefore the corrugated
tube 100, recerving the wire harness therein, 1s also 1nstalled
in various directions, and 1s twisted. Therefore, there are
occasions when the corrugated tube 100 1s not always
installed 1n such a manner that the slit 103 1s disposed 1n the
vicinity of the lowermost point, and when the slit 103 1s
disposed 1n a high position, water, intruding into the nside,
and condensation water can not, 1n some cases, be discharged
to the outside.
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Furthermore, with the above tube-slit forming apparatus
110 shown 1n FIG. 14, only the straight slit can be formed 1n
the tube 111.

This mvention has been made 1n view of the above prob-
lems, and 1ts object 1s to provide a corrugated tube capable of
rapidly discharging water, such as water intruding into the
inside and condensation water, to the outside, and a corru-
gated tube perforating apparatus and a corrugated tube per-
forating method which are capable of positively and effi-
ciently forming a plurality of communication holes

respectively in predetermined portions of a peripheral surface
of a tube body.

Means for Solving the Problems

1) In order to solve the above problems, a corrugated tube
of the present invention 1ncludes a tube body of a tubular
shape having larger-diameter portions and smaller-diameter
portions which are arranged alternately along the same axis,
and a slit formed along a generating line of the tube body, and
1s characterized 1n that a communication hole, communicat-
ing an 1nside and outside of the tube body with each other, 1s
formed 1n a peripheral surface of the tube body, and the
communicating hole 1s formed by cutting part of the larger-
diameter portion oil over a predetermined length 1n a circum-
terential direction.

In the corrugated tube of this construction, for example, a
wire harness or the like 1s 1nserted 1nto the corrugated tube
through the slit formed along the generating line of the tube
body having the larger-diameter portions and the smaller
diameter portions alternately arranged along the same axis.
Usually, the corrugated tube, recerving the wire harness
therein, 1s installed 1n such a manner that the slit1s disposed at
a lower side, but there arises the case where the slit cannot be
disposed at the lower side because of the installation direction
and a change of the direction. In such a case, the communi-
cation hole, communicating the inside and outside of the tube
body with each other, 1s located 1n the vicinity of the lower-
most point, and by doing so, water intruding into the corru-
gated tube, condensation water, etc., are discharged through
this communication hole.

Furthermore, the communicating hole 1s formed by cutting
part of the larger-diameter portion which has the outer periph-
eral surface and a vertical wall portion disposed between this
larger-diameter portion and the smaller-diameter portion off
over the predetermined length 1n the circumierential direc-
tion. Therefore, the communication hole, having a relatively
large size for the diameter of the tube body of the corrugated
tube, can be formed, and besides a high degree of freedom for
the adjustment of the size of the communication hole can be
secured.

2) Furthermore, the corrugated tube of the present inven-
tion 1s characterized 1n that the communication hole 1s formed
at least 1n a portion of the peripheral surface of the tube body
which 1s remotest from the slit.

In the corrugated tube of this construction, the communi-
cation hole 1s provided in the position remotest from the slit,
and therefore when the corrugated tube 1s 1nstalled in such a
manner that the slit faces upward, the communication hole 1s
automatically located in the vicinity of the lowermost point.

3) Furthermore, the corrugated tube of the present inven-
tion 1s characterized in that a plurality of communication
holes are provided, and the communication holes are
arranged 1n a staggered manner 1n the peripheral surface of
the tube body when the peripheral surface 1s shown in a
developed view.
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In the corrugated tube of this construction, the communi-
cation holes, communicating the inside and outside of the
tube body with each other, are arranged 1n a staggered manner
in the peripheral surface of the tube body when the peripheral
surface 1s shown 1n a developed view, and therefore when the
slit 1s not disposed at the lowermost point, any of the com-
munication holes 1s disposed 1n the vicinity of the lowermost

point. Therefore, water 1intruding into the corrugated tube,
condensation water, etc., can be discharged.

4) Furthermore, the corrugated tube of the present mven-
tion 1s characterized 1n that the communication hole 1s formed
to include a part of a vertical wall portion interconnecting the
larger-diameter portion and the smaller-diameter portion.

In the corrugated tube of this construction, a radius portion
which 1s a boundary portion between the smaller-diameter
portion and the vertical wall portion remains even at a cut
portion defining the communication hole, and therefore when
a wire or the like 1s mstalled within the corrugated tube, the
wire or the like can be prevented from being damaged. And
besides, even when the outer peripheral surface of the corru-
gated tube 1s held 1n contact with some thing such for example
as a winding tape, the communication hole will not be com-
pletely closed since 1t has a height, and therefore water intrud-
ing 1nto the corrugated tube, condensation water, etc., can be
discharged through that portion of the communication hole
formed by notching the vertical wall portion.

5) Furthermore, the corrugated tube of the present imnven-
tion1s characterized in that the communication hole 1s formed
to mnclude a part of each of the vertical wall portions each
formed between the larger-diameter portion and a respective
one of the smaller-diameter portions disposed respectively on

opposite sides of the larger-diameter portion 1n the circum-
ferential direction.

In the corrugated tube of this construction, the radius por-
tions which are the boundary portions each formed between
the smaller-diameter portion and the vertical wall portion
remain even at the cut portion defining the communication
hole, and therefore when a wire or the like 1s 1nstalled within
the corrugated tube, the wire or the like can be prevented from
being damaged. And besides, even when the outer peripheral
surface of the corrugated tube 1s held in contact with some
thing such for example as a winding tape, the communication
hole will not be completely closed since it has a height, and
therefore water intruding into the corrugated tube, condensa-
tion water, etc., can be discharged through that portion of the
communication hole formed by notching the vertical wall
portion.

6) An apparatus of the present invention for perforating a
corrugated tube, including a tube body of a tubular shape
having larger-diameter portions and smaller-diameter por-
tions which are arranged alternately along the same axis, and
a slit formed along a generating line of the tube body, 1s
characterized 1n that the apparatus comprises a slit former
forming the slit 1n the tube body as the tube body of the
corrugated tube 1s moved along the generating line of the tube
body; a tube guide which 1s provided at a downstream side of
the slit former 1n a moving direction of the tube body of the
corrugated tube, and 1s fitted 1nto the tube body and the slit to
support the tube body 1n such a manner that the tube body 1s
movable 1n a direction along the generating line; at least one
pair of tube body feeders which are provided at opposite sides
ol the tube guide 1n the moving direction of the tube body, and
abut against the tube body, supported on the tube guide, from
the opposite sides of the tube body in the moving direction,
and rotate, thereby moving the tube body along the tube
guide; and a perforator forming a plurality of communication
holes 1n predetermined portions of a peripheral surface of the
tube body which 1s moved along the tube guide by the tube
body feeders.
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In the corrugated tube perforating apparatus of this con-
struction, the tube guide i1s fitted 1nto the tube body of the
corrugated tube and the slit formed by the slit former, and
therefore the tube body 1s smoothly moved along the tube
guide by the tube body feeders without being rotated 1n the
circumierential direction. Therefore, the perforator can posi-
tively and efliciently form the plurality of commumnication
holes respectively in the predetermined portions of the
peripheral surface of the tube body.

7) The corrugated tube perforating apparatus of the present
invention 1s characterized in that the pair of tube body feeders
are provided at each of an upstream side and a downstream
side of the perforator in the moving direction of the tube body
such that the two pairs of tube body feeders are provided 1n
all.

In the corrugated tube perforating apparatus of this con-
struction, the stable feeding can be achieved by the two pairs
of tube body feeders, while taking expansion and contraction,
ctc., of the tube body of the corrugated tube 1nto consider-
ation, and the communication holes can be formed more
positively and efficiently.

8) The corrugated tube perforating apparatus of the present
invention 1s characterized in that retainers are provided at the
vicinity of the perforator, respectively, and the retainers are
brought into abutting engagement with the peripheral surface
of the tube body to retain the tube body before perforating
operation of the perforator.

In the corrugated tube perforating apparatus of this con-
struction, the tube body of the corrugated tube can be posi-
tively positioned relative to the perforator by the retainers.
Theretore, the perforator can positively and highly precisely
form the communication holes respectively in the predeter-
mined portions of the peripheral surface of the tube body
without 1inviting a position deviation.

9) The corrugated tube perforating apparatus of the present
invention 1s characterized in that the perforator and the retain-
ers are driven by a cam mechanism.

In the corrugated tube perforating apparatus of this con-
struction, the perforator and the retainers are moved 1n an
operatively-associated manner by the cam mechanism which
1s a simple mechanism, and a sequence of operations, that is,
the operation for retaining the tube body by the retainers and
the operation for perforating the tube body by the perforator,
are carried out smoothly and positively at the respective
required timings.

10) The corrugated tube perforating apparatus of the
present mnvention 1s characterized in that the perforators are
provided 1n opposed relation to three portions of the periph-
eral surface of the tube body of the corrugated tube spaced
almost 90 degrees from one another in a circumierential
direction, and the three portions do not include a portion at
which the slit 1s formed, and the perforators are arranged in
ollset relation 1n the moving direction of the tube body.

In the corrugated tube perforating apparatus of this con-
struction, only one communication hole 1s formed on the
same circumierence at the peripheral surface of the tube body,
and a plurality of communication holes will not be formed on
the same circumierence. Therefore, a local strength decrease
of the tube body due to the formation of the communication
holes 1s avoided.

11) A method of the present invention for perforating a
corrugated tube, including a tube body of a tubular shape
having larger-diameter portions and smaller-diameter por-
tions which are arranged alternately along the same axis, and
a slit formed along a generating line of the tube body, 1s
characterized in that the method comprises forming the slit in
the tube body by a slit former as the tube body of the corru-
gated tube 1s moved along the generating line of the tube
body; fitting a tube guide into the tube body and the slit to
support the tube body 1n such a manner that the tube body 1s
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movable along the generating line; moving the tube body
along the tube guide by at least one pair of tube body feeders
provided at opposite sides of the tube body 1n a moving
direction of the tube body; and forming a plurality of com-
munication holes 1n predetermined portions of a peripheral
surface of the tube body by a perforator which 1s movable 1n
a direction perpendicular to the moving direction of the tube
body.

In this corrugated tube perforating method, the corrugated
tube, having the slit, can be moved 1n a stable manner from the
upstream side of the perforator to the downstream side of the
perforator, and the plurality of communication holes can be
positively and efficiently formed respectively 1n the predeter-
mined portions of the peripheral surface of the tube body.

12) The corrugated tube perforating method of the present
invention 1s characterized 1n that the tube body feeders abut
against the tube body at two regions disposed at an upstream
side and a downstream side of the perforator in the moving
direction of the tube body, thereby moving the tube body.

In this corrugated tube perforating method, the corrugated
tube can be moved 1n a more stable manner from the upstream
side of the perforator to the downstream side of the perforator,
and the plurality of communication holes can be more posi-
tively and efficiently formed.

Advantage Of The Invention

In the corrugated tube of the present invention, water can
be discharged through the communication hole even when the
slit 1s not located in the vicinity of the lowermost point as 1s
different from the known art, 1n which water, intruding into a
corrugated tube, 1s discharged only through a slit.

In the apparatus and method of the present invention for
perforating the corrugated tube, the plurality of communica-
tion holes can be positively and efliciently formed respec-
tively 1n the predetermined portions of the peripheral surface
of the tube body of the corrugated tube having the slit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view showing an embodiment of a
corrugated tube of the present invention.

FIG. 2A 15 a cross-sectional view of the corrugated tube of
the present ivention cut in an axial direction thereot, and

FIG. 2B 1s a cross-sectional view taken along the position B-B
of FIG. 2A.

FIG. 3 1s a cross-sectional view showing the shape of a
communication hole.

FIG. 4 15 a cross-sectional view showing the range of the
communication hole.

FIG. SA 1s adeveloped view of a corrugated tube, showing
the arrangement of two rows ol communication holes formed
therein, and FIG. 5B 1s a cross-sectional view showing the
arrangement of the communication holes.

FIG. 6 A 1s adeveloped view of a corrugated tube, showing
the arrangement of three rows of communication holes
formed therein, and FIG. 6B 1s a cross-sectional view show-
ing the arrangement of the communication holes.

FIG. 7A 1s adeveloped view of a corrugated tube, showing
another arrangement of three rows of communication holes
formed therein, and FIG. 7B 1s a cross-sectional view show-
ing the arrangement of the communication holes.

FIG. 8 1s a perspective view showing the corrugated tube

having an adhesive tape roughly wound on an outer peripheral
surface thereof.

FI1G. 9 1s a cross-sectional view, showing the case where the
adhesive tape 1s wound to be disposed over the communica-
tion hole.

FIG. 10 1s a schematic side-elevational view showing an
embodiment of a corrugated tube perforating apparatus of the
present invention.
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FIG. 11 1s a side-elevational view of an important portion
of the corrugated tube perforating apparatus of FIG. 10 as
seen from a moving direction of a tube body.

FIG. 12 1s a plan view of FIG. 11.

FIG. 13 A 15 a side-elevational view showing a known cor-
rugated tube, and FIG. 13B 1s a cross-sectional view taken
along the position B-B of FIG. 13A.

FIG. 14 1s a schematic perspective view showing a known
tube-slit forming apparatus.

DESCRIPTION OF THE REFERENC.
NUMERALS AND SIGN

L1

10 corrugated tube

11 tube body

12 slit

13 communication hole

20 larger-diameter portion

21 outer peripheral surface (peripheral surface)
30 smaller-diameter portion

32 radius portion (boundary portion)
40 vertical wall portion

50 corrugated tube perforating apparatus
51 slit-forming cutter (slit former)
52 tube guide

53 retainer

54 perforating punch (perforator)

535 tube body feed gear

56 rotation shaift

57 transmitting mechanism

38 motor

60 cam mechanism

61 punch drive cam

62 retainer support portion

63 spring

A moving direction of tube body

BEST MODE FOR CARRYING OUT TH
INVENTION

(L]

An embodiment of the present mvention will now be
described in detail with reference to the drawings.

FIG. 1 1s a perspective view showing a first embodiment of
a corrugated tube of the present mvention, FIG. 2A 1s a
cross-sectional view of the corrugated tube of the present
invention cut in an axial direction thereof, FIG. 2B 1s a cross-
sectional view taken along the position B-B of FIG. 2A, FIG.
3 1s a cross-sectional view showing the shape of a communi-
cation hole, FIG. 5A 1s a developed view of a corrugated tube,
showing the arrangement of two rows ol communication
holes formed therein, FIG. 5B 1s a cross-sectional view show-
ing the arrangement of the communication holes, FIG. 6A 1s
a developed view of a corrugated tube, showing the arrange-
ment of three rows of communication holes formed therein,
FIG. 6B 1s a cross-sectional view showing the arrangement of
the communication holes, FIG. 7A 1s a developed view of a
corrugated tube, showing another arrangement of three rows
of communication holes formed therein, FIG. 7B 1s a cross-
sectional view showing the arrangement of the communica-
tion holes, FIG. 8 1s a perspective view showing the corru-
gated tube having an adhesive tape roughly wound on an outer
peripheral surface thereof, and FIG. 9 1s a cross-sectional
view, showing the case where the adhesive tape 1s wound to be
disposed over the communication hole.

FIG. 10 1s a schematic side-elevational view showing an
embodiment of a corrugated tube perforating apparatus of the
present mvention, FIG. 11 1s a side-elevational view of an
important portion of the corrugated tube perforating appara-
tus of FI1G. 10 as seen from a moving direction of a tube body,

and FIG. 12 1s a plan view of FIG. 11.
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As shown 1n FIGS. 1 to 2B, the first embodiment of the
corrugated tube 10 of the present invention includes the tubu-
lar tube body 11 of a circular cross-section having larger-
diameter portions 20 defining an outer peripheral surface 21
of the corrugated tube 10, and smaller-diameter portions 30
defining an 1nner peripheral surface 31, which are arranged
alternately along the same axis CL, and a slit 12 which 1s a cut
surface formed along a generating line of the body 11. There
are provided vertical wall portions 40 each formed between
the larger-diameter portion 20 and the smaller-diameter por-
tion 30 to interconnect the larger-diameter portion 20 and the
smaller-diameter portion 30, so that the larger-diameter por-
tions 20 of a trapezoidal cross-section are formed.

The communication holes 13 which communicate the
inside and outside of the tube body 11 with each other are
formed at least 1n that portion of the outer peripheral surface
21 of the tube body 11 which 1s the remotest from the slit 12.
FIGS. 1 to 2B show the case where the communication holes
13 are arranged 1n a row 1n parallel relation to the slit 12. In
this case, the communication holes 13 are formed in that
portion of the outer peripheral surface of the corrugated tube
10 which faces away (1s spaced 180 degrees) from the slit 13,
and 1s the remotest from the slit 13.

The communication hole 13 1s formed by cutting a part of
the larger-diameter portion 20 oif over a predetermined
length L 1n the circumierential direction. Namely, the outer
peripheral surface 21 of the larger-diameter portion 20 and
the vertical wall portions 40 are cut off over the predeter-
mined length L along the outer peripheral surface 20. The
communication holes 13 are provided at predetermined inter-
vals 1n the direction of the axis CL of the corrugated tube 10.

In FIGS. 2B and 3, although the vertical wall portions 40
are entirely cut ofl 1 the direction of the height thereot, the
vertical wall portions may be partially cut off as shown in
FIG. 4. Namely, the commumnication hole 13 1s formed 1n such
a manner that at least radius portions 32 which are boundary
portions each formed between a respective one of the vertical
wall portions 40 each interconnecting the larger-diameter
portion 20 and the smaller-diameter portion 30 and the
smaller-diameter portion 30 remain.

With this construction, the radius portions 32, each defin-
ing the boundary portion between the smaller diameter por-
tion 30 and the vertical wall portion 40, remain even at the cut
portion defining the communication hole 13, and therefore
when a wire or the like 1s installed within the corrugated tube
10, the wire or the like can be prevented from being damaged.

FIGS. 5A to 7B show examples of arrangements of com-
munication holes 13, 1n which a plurality of rows of commu-
nication holes 13 are formed 1n the direction of the axis CL of
the corrugated tube 10.

When the plurality of rows of communication holes 13 are
to be formed, the communication holes 13 are arranged 1n a
staggered manner 1n the peripheral surface of the tube body
11 when this peripheral surface 1s shown in a developed view,
as shown 1n FIGS. 5A to 7B. FIG. SA shows the case where
two rows of communication holes 13 are provided, FIGS. 6A
and 7A show the cases where three rows of communication
holes 13 are provided. When developed views of the tube
bodies 11, respectively having these arrangements, are
rounded ito a tubular shape, the arrangements, shown
respectively in FIGS. 3B, 6B and 7B, are obtained.

Namely, 1n the case where the two rows of communication
holes 13 are provided as shown in FIG. 5A, the left and right
communication holes 13 are arranged 1n a staggered (alter-
nate) manner. Usually, the corrugated tube 10 1s 1nstalled in
such a manner that the slit 12 1s disposed at a lowermost point
so that water intruding into the mside of the corrugated tube
10, condensation water, etc., can be discharged, but there are
occasions when the slit 12 can not be disposed at the lower
side because of a change of the installation direction. In such
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a case, 1n order that any of the communication holes 13 can be
located 1n the vicinity of the lowermost point so as to dis-
charge water, the two rows of communications holes 13, 13
are disposed, for example, in the vicinities of the position
remotest from the slit 12 as shown in FIG. 5B.

Next, in the case where the three rows of communication
holes 13 are provided as shown in FIG. 6A, the left and right
communication holes 13 are arranged 1n a staggered manner.
In this case, the communication holes 13 are arranged at a
position opposite to the slit 12 (spaced 180 degrees from the
slit 12) which 1s the remotest position from the slit 12, and at
positions between which the remotest position 1s disposed,
for example, the positions at which the left and right commu-
nication holes are arranged, correspond to points which
equally divide the entire periphery into three. With this
arrangement, even when the slit 12 1s disposed at the upper
side, any of the communication holes 13 can be disposed 1n
the vicinity of the lowermost point.

By arranging the communication holes 13 1n a staggered
manner as shown 1n FIGS. 5A to 6B, the strength of the tube
body 11 1s secured.

Also, the three rows of communication holes 13 can be
provided 1n such a manner that the periphery 1s equally
divided into four at the same pitch P 1n the circumierential
direction as shown in FIGS. 7A and 7B. In this case, the
communication holes 13 are provided at a position remotest
from the slit 12, and further at each middle position between
the remotest position and the slit 12. With this arrangement,
even when the slit 12 1s disposed at the upper side, any of the
communication holes 13 can be disposed 1n the vicinity of the
lowermost point.

By thus uniformly arranging the communication holes 13,
the strength of the tube body 11 can be prevented from being
reduced.

With respect to the above-mentioned corrugated tubes 10,
even 11 the corrugated tube 10 should be installed in such a
manner that the slit 12 1s disposed at the upper side, the
communication holes 13 are disposed in the vicinity of the
lowermost point, and therefore water, mtruding into the cor-
rugated tube 10, and condensation water can be discharged.

After a wire harness or the like 1s received within the
corrugated tube 10, the adhesive tape 14 1s wound on the outer
surface of the corrugated tube as shown 1n FIG. 8. In such a
case, even when the adhesive tape 14 1s wound to be disposed
over the communication hole 13, the communication hole 13
will not be completely closed as shown 1 FIG. 9 since the
communication hole 13 1s formed by cutting part of each
vertical wall portion 40 off. Therefore, water can be dis-
charged to the outside through the notched portions of the
vertical wall portions 40 forming the communication hole 13.

The corrugated tubes of the present invention are not lim-
ited to the above embodiment, and suitable changes, improve-
ments and so on can be made.

Namely, in the above embodiment, although description
has been made of the cases where the communication holes
13 are provided in two or three rows, four or more rows of
communication holes can be provided. Furthermore, the
interval of the communication holes 13 in each row can be
suitably determined in accordance with an environment 1n
which the corrugated tube 10 1s mstalled.

Furthermore, the size of the communication holes 13 can
be suitably determined, taking the diameter of the tube body,
the dischargeability of muddy water, etc., into consideration.

Next, the corrugated tube perforating apparatus 50 for
forming a plurality of communication holes 13 1n the above-
mentioned corrugated tube 10 with the slit 12 will be
described with reference to FIGS. 10 to 12.

Retferring to FIGS. 10 to 12, in one embodiment of the
corrugated tube perforating apparatus 50 of the present inven-
tion, a slit 12 1s formed 1n the tube body 11 of the corrugated
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tube 10 by a slit-forming cutter 51, and thereatter a tube guide
52 1s fitted 1nto the tube body 11 and the slit 12 to support the
tube body 11 1n such a manner that the tube body 11 can not
be rotated 1n the circumterential direction, but can be moved
along the tube guide 52. Then, in the corrugated tube perto-
rating apparatus 50, the tube body 11 1s retained by a plurality
of retainers 53, and 1n this condition a plurality of communi-
cation holes 13 (see FIG. 1) are formed respectively 1n pre-
determined portions of an outer peripheral surface 21 of the
tube body 11 by a plurality of perforating punches 54.

The slit-forming cutter 51 1s provided with a heater, and
forms the slit 12 as the tube body 11 of the corrugated tube 10
moves 1n a direction of arrow A that 1s shown 1n FIG. 10 along,
a generating line of the tube body 11.

The tube guide 52 is provided at a downstream side (at a
right side in FIG. 10) of the slit-forming cutter 51 1n the
moving direction A of the tube body 11 of the corrugated tube
10. The tube guide 52 1s fitted 1n the tube body 11 and the slit
12, and 1n this condition the tube guide 52 supports the tube
body 11 in such a manner the tube body 11 can be moved in
the direction A along the generating line.

A pair of tube body feed gears 55 which are disposed
respectively at opposite sides of the moving direction A of the
tube body 11 at the tube guide 52, are provided at each of the
upstream side (the left side in FIG. 10) and downstream side
(the right side 1n F1G. 10) of the perforating punches 54 in the
moving direction A of the tube body 11 such that the two pairs
of tube body feed gears 35 are provided 1n all. Each of the tube
body feed gears 55 1s supported on an upper end portion of a
rotation shatt 56 1n a generally horizontal condition, and the
tube body feed gears abut against the tube body 11 from the
opposite sides of the moving direction of the tube body 11
supported on the tube guide 52, and 1n this condition the tube
body feed gears are rotated by a driving force of a motor 58,
which 1s transmitted to the rotation shaits 56 via a transmis-
sion mechanism 57, thereby moving the tube body 11 along
the tube guide 52.

By the two pairs of tube body feed gears 55 between which
the perforating punches 34 are located, the stable feeding can
be achieved while taking expansion and contraction, etc., of
the tube body 11 of the corrugated tube 10 1nto consideration.

The perforating punches 54 are driven by cam mechanisms
60 described later, and eflect perforating operation for the
tube body 11 to form the plurality of communication holes 13
respectively 1n the predetermined portions of the outer
peripheral surface 21 of the tube body 11 of the corrugated
tube 10 which 1s fed 1n the moving direction A by the tube
body feed gears 55.

Namely, the perforating punches 54 are provided in
opposed relation to three portions of the outer peripheral
surface 21 of the tube body 11 of the corrugated tube 10
spaced about 90 degrees from one another in the circumier-
ential direction except at the portion at which the slit 12 1s
formed. The perforatmg punches 54 are arranged in oifset
relation along the movmg direction A of the tube body 11.

Because of the offset arrangement of the perforating
punches 54, only one communication hole 13 1s formed on the
same circumierence at the outer peripheral surface 21 of the
tube body 11, and a plurality of communication holes 13 will
not be formed on the same circumierence. Theretore, a local
strength decrease of the tube body 11 due to the formation of
the communication holes 13 1s avoided.

The retainers 53 are driven by the cam mechanisms 60
described later, and effect retaining operation for the tube
body 11 of the corrugated tube 10, and betfore the perforating,
punches 54 effect the perforating operation, the retainers are
caused to abut against the outer peripheral surface 21 of the
tube body 11, and retain the tube body 11. The retainers 53
positively position the tube body 11 relative to the perforating,
punches 54, and enable the perforating punches 54 to posi-
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tively and highly precisely form the communication holes 13
in the predetermined portions of the outer peripheral surface
21 of the tube body 11 without 1nviting a position deviation.

By the cam mechanisms 60, the perforating punches 54 and
the retainers 53 are driven 1n a direction generally perpen-
dicular to the moving direction A of the tube body 11, and
eifect the retaining operation for the tube body 11 of the
corrugated tube 10 and the perforating operation for the tube
body 11.

Namely, 1n the cam mechanism 60, a punch drive cam 61 1s
provided so as to be moved forward and backward along a
direction (an upward-downward direction and a left- rlght
direction 1 FIG. 11) generally perpendicular to the moving
direction A of the tube body 11, and the plurality of (five 1n
FIG. 12) perforating punches 34 are fixed to the punch drive
cam 61, and are disposed at predetermined intervals along the
moving direction A of the tube body 11.

A retainer support portion 62 1s supported on the punch
drive cam 61 through springs 63 so as to be displaced relative
to the punch drive cam, and 1s disposed above the perforating
punches 54. The plurality of (four 1n FI1G. 12) retainers 53 are
provided on the retainer support portion 62, and project a
predetermined amount beyond the perforating punches 54
toward the tube guide 52, and are disposed at predetermined
intervals along the moving direction A of the tube body 11 1n
such a manner that the retainers 33 and the perforating
punches 54 are arranged alternately when viewed from the
top (see FI1G. 12).

The punch drive cam 61, when advanced toward the tube
guide 52 1n the direction generally perpendicular to the mov-
ing direction A of the tube body 11, brings the retainers 53
into abutment with the outer peripheral surface 21 of the tube
body 11 at a required timing before the perforating punches
54 abut against this peripheral surface, so that the tube body
11 1s retained by the retainers 53.

When the punch drive cam 61 1s further advanced toward
the tube guide 52 in the direction generally perpendicular to
the moving direction A of the tube body 11, the perforating
punches 54 abut respectively against the predetermined por-
tions of the outer peripheral surface 21 of the tube body 11,
and form the communication holes 13, respectively. During
the perforating operation efl

ected by the perforating punches
54, the retainer support portion 62 1s displaced relative to th
punch drive cam 61 by contraction of the springs 63, so that
the retainers 33 are kept in abutting engagement with the
outer peripheral surface 21 of the tube body 11 to retain the
same.

The perforating punches 54 and the retainers 53 are moved
in an operatively-associated manner by the above cam
mechanism 60 which 1s a simple mechanism, and a sequence
of operations, that 1s, the operation for retaining the tube body
11 by the retainers 53 and the operation for perforating the
tube body 11 by the perforating punches 54, are carried out
smoothly and positively at the respective required timings.

As described above, 1n the corrugated tube perforating
apparatus 50 of the above embodiment, the tube guide 52 i1s
fitted 1into the tube body 11 and the slit 12, and by doing so, the
tube body 11 1s smoothly moved along the tube guide 52 by
the tube body feed gears 55 without being rotated in the
circumfierential direction. And besides, at the time of effect-
ing the perforating operation by the perforating punches 54,
the retainers 33, operatively associated with the perforating
punches 54 by the cam mechanism 60, positively retain the
tube body 11 in the predetermined posmon Therefore, the
perforating punches 54 can positively and e 101ently fonn the
plurality of communication holes 13 respectively 1n the pre-
determined portions of the outer peripheral surface 21 of the

tube body 11.

Although the present invention has been described in detail
with reference to the specific embodiments, 1t will be clear to
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those versed 1n the art that various changes and modifications
can be added without departing from the spirits and scope of
the present invention.

The present Application 1s based on Japanese Patent Appli-
cation (Patent Application No. 2004-058834) filed on Mar. 3,
2004, and Japanese Patent Application (Patent Application
No. 2004-126810) filed on Apr. 22, 2004, and contents
thereot are incorporated herein as a reference.

The mvention claimed 1s:

1. A corrugated tube including a tube body of a tubular
shape having larger-diameter portions and smaller-diameter
portions which are arranged alternately along the same axis,
and a slit formed along a generating line of the tube body,
characterized 1n that:

a communication hole, communicating an inside and out-
side of the tube body with each other, 1s formed 1n a
peripheral surface of the tube body, and the communi-
cating hole 1s formed by cutting part of the larger-diam-
cter portion oif over a predetermined length 1n a circum-
ferential direction,

wherein the communication hole 1s formed to include a
part ol each of vertical wall portions each formed
between the larger-diameter portion and arespective one
of the smaller-diameter portions disposed respectively
on opposite sides of the larger-diameter portion in the
circumierential direction.

2. The corrugated tube according to claim 1, characterized
in that the communication hole 1s formed at least 1n a portion
of the peripheral surface of the tube body which 1s remotest
from the slit.

3. The corrugated tube according to claim 1, characterized
in that a plurality of the communication holes are provided,
and the communication holes are arranged 1n a staggered
manner 1n the peripheral surface of the tube body when the
peripheral surface 1s shown 1n a developed view.

4. The corrugated tube according to claim 1, characterized
in that the communication hole 1s formed to include a part of
a vertical wall portion interconnecting the larger-diameter
portion and the smaller-diameter portion.

5. An apparatus for perforating a corrugated tube including,
a tube body of a tubular shape having larger-diameter portions
and smaller-diameter portions which are arranged alternately
along the same axis, and a longitudinal slit formed along a
generating line of the tube body; characterized in that the
apparatus comprises:

a slit former forming the longitudinal slit 1n the tube body
as the tube body of the corrugated tube 1s moved along
the generating line of the tube body;

a tube guide which 1s provided at a downstream side of the
slit former 1n a moving direction of the tube body of the
corrugated tube, and 1s fitted into the tube body and the
slit to support the tube body 1n such a manner that the
tube body 1s movable 1n a direction along the generating
line:

at least one pair of tube body feeders which are provided at
opposite sides of the tube guide 1n the moving direction
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of the tube body, and abut against the tube body, sup-
ported on the tube guide, from the opposite sides of the
tube body 1n the moving direction, and rotate, thereby
moving the tube body along the tube guide; and

a perforator forming a plurality of communication holes 1n

predetermined portions of a peripheral surface of the
tube body which 1s moved along the tube guide by the
tube body feeders.

6. The corrugated tube perforating apparatus according to
claim 5, characterized 1n that the pair of tube body feeders are
provided at each of an upstream side and a downstream side
ol the perforator in the moving direction of the tube body such
that the two pairs of tube body feeders are provided 1n all.

7. The corrugated tube perforating apparatus according to
claim 5, characterized in that retainers are provided at the
vicinity of the perforator, respectively, and the retainers are
brought into abutting engagement with the peripheral surface
of the tube body to retain the tube body before perforating
operation of the perforator.

8. The corrugated tube perforating apparatus according to
claim 7, characterized 1n that the perforator and the retainers
are driven by a cam mechanism.

9. The corrugated tube perforating apparatus according to
claim 5, characterized in that the perforators are provided 1n
opposed relation to three portions of the peripheral surface of
the tube body of the corrugated tube spaced almost 90 degrees
from one another 1n a circumferential direction, and the three
portions do not include a portion at which the slit 1s formed,
and the perforators are arranged 1n offset relation 1in the mov-
ing direction of the tube body.

10. A method of perforating a corrugated tube including a
tube body of a tubular shape having larger-diameter portions
and smaller-diameter portions which are arranged alternately
along the same axis, and a longitudinal slit formed along a
generating line of the tube body; characterized in that the
method comprises:

forming the longitudinal slit 1n the tube body by a slit

former as the tube body of the corrugated tube 1s moved
along the generating line of the tube body;

fitting a tube guide 1nto the tube body and the slit to support

the tube body 1n such a manner that the tube body 1is
movable 1n a direction along the generating line;
moving the tube body along the tube guide by at least one
pair of tube body feeders provided at opposite sides of
the tube body in a moving direction of the tube body; and
forming a plurality of communication holes 1n predeter-
mined portions of a peripheral surface of the tube body

by a perforator which 1s movable 1n a direction perpen-
dicular to the moving direction of the tube body.

11. The corrugated tube perforating method according to

claim 10, characterized in that the tube body feeders abut

against the tube body at two regions disposed at an upstream

side and a downstream side of the perforator in the moving
direction of the tube body, thereby moving the tube body.
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